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INTRODUCTION 


•v/v 


This  account  attempts  to  discuss  the  design  re¬ 
quirements  for  the  construction  of  an  interferometer 
spectrometer  having  a  resolution  of  greater  than  0.1 
cm  “1  for  operation  in  the  near  infrared  region  (2  -  j  i 
microns)  (nano  meters)  and  being  capable  of  perform¬ 
ing  to  this  resolution  at  both  ambient  temperature 
and  at  77°  K  (L/N  temperature). 

These  requirements  impose  very  severe  design 
problems  in  regard  to  materials  selection  and  materials 
handling.  Machine  tolerances  have  to  be  pushed  to 
the  extreme  of  the  state  of  the  arts,  and  these  toler¬ 
ances  must  be  maintained  through  abnormally  large 
temperature  excursions.  Many  of  the  pieces  have  to 
be  hold  to  flatnesses  of  ‘>0  x  10”^  inch  per  cj  Inches, 
and  similar  tolerances  have  to  be  held  for  paraiJe  w..m. 
Fortunately,  absolute  dimension  can  be  met  with  mu-mu. 


machine  tolerances  in  many  Instances  by  the  use  oi 


careful  design  techniques. 
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Design  f  ».d  fabricat1:  high  ruse-  uci.-u 

.-.i  trover;  iut erf erome te r  sp  c-ctror..c‘>.  or  suitaL 
use  in  the  laboratory  and  in  a  balloci.  born 
age  -  for  the  purpose  of  making  mea.yurer.euts 
spectral  region  cf  two  (u)  to  fourteen  (l1-) 
of  an  extended  source  havin';,  a  terperatur.. 
irately  21)0°  11. 

Of  funuamental  importance  is  that  the 


ic  for 
e  pack- 
in  tnc- 
microns 
of  approx- 

uesigr. 


concept  snoulc:  be  such  as  to  make  it  possible  for 
the  Instrument  to  stay  in  substantial  alignment  after 
havin';  been  cooleu  to  the  liquid  nitrogen  in  a  suitable 
cryogenic  enclosure.  This  nas  made  it  r.anuatory  that 
very  close  attention  be  given  to  the  choice  of  materials 
anu  to  fabrication  techniques. 

As  one  of  the  important  and  critical  elements 
in  the  optical  configuration,  the  beamsplitter  mount 
reecivcu  considerable  attention,  because  of  the  dis¬ 
similar  materials  Interface  requirement  and  the  con¬ 
sequent  tnermal  expansion  proolem,  we  have  settled 
on  a  modification  of  the  spring  loaded  mount  which 
we  previously  designed  and  used  to  good  advantage. 


j.he  instrument  has  been  fabricated 
from  A-2  steel.  This  is  a  material  with 
had  considerable  experience  and  success. 


almost 

which 


entirely 
we  have 
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PRELIMINARY  RESEARCH  AND  INVESTIGATION 

The  primary  requirement  under  this  contract  was 
to  design  an  interferometer  which  would  be  capable 
of  operation  in  a  liquid  nitrogen  temperature  environ¬ 
ment  and  would  be  capable  of  producing  a  resolution  of 
0.1  cm“^  in  the  4  to  15  micron  spectral  region.  It 
was  decideu  at  the  outset,  that  a  2  inch  aperture 
instrument  would  be  suitable  to  the  anticipated  mission. 

This  instrument  was  to  be  furnished  with  a  suitable 
laser  fringe  monitoring  system  and  a  white  light 
monitoring  system.  We  startea  our  design  considerations 
by  studying  all  of  the  various  interferometric  con¬ 
figurations  which  appeared  to  be  applicable  to  our 
requirements.  Our  studies  brought  us  to  a  considera¬ 
tion  of  two  systems.  The  first  system  that  we  con¬ 
sidered  was  a  straightforward  interferometer  on  which 
we  have  had  considerable  working  experience.  IDEALAD 
had  previously  designed  and  built  a  one  (1)  inch 
aperture  2  cm  optical  path  difference  instrument  for 
operation  at  approximately  10  degrees  Kelvin  and  in 
a  vibrational  environment  produced  by  a  sounding 
rocket.  This  Instrument  was  produceu  under  the 

] 


-6- 


auspices  cf  DNA  and  AR?A  contracts  and  was  intended 
for  the  measurement  of  Class  II  aura  and  Class  III 
aura.  The  total  system  was  integrated  into  a  cryo¬ 
genic  pacKage  by  Honeywell  Radiation  Labs  and  further 
incorporated  into  a  payload  configuration  for  rocket 
flight.  To  quote  the  "KIRIS  EXPERIMENT",  AFGL-OP-TM-02 
Report;  "The  interferometer  appears  to  have  worked 
extremely  well  during  all  phases  of  the  flight;  there¬ 
fore,  excellent  first-of-its-kind  data  were  obtained 
not  only  during  the  vertical  viewing  time  but  at  all 
other  aspects  as  well.  Emission  spectra  of  the  at¬ 
mospheric  species  C02  at  2325  cm”1  (4.3  u  m)  and 
667  cm-1  (15  u  m),  0^  at  1042  cm”1  (9.6  u  m)  and  NO 
at  1786  cm-1  (5.6  u  m)  were  obtained  with  resolution 
of  two  wave  members."  From  this  previous  experience 
we  hoped  to  gain  sufficient  information  to  point  the 
direction  in  which  we  should  proceed  in  attempting 
to  build  the  instrument  required  under  this  contract. 

It  should  be  pointed  out  that  the  contract  required 
a  two  (2)  inch  aperture  instrument  and  a  resolution 
of  better  than  0.1  cm"^.  After  having  reviewed  all 
of  the  information  we  had  obtained  from  our  previous 
experience  we  decided  that  it  would  be  appropriate  to 
investigate  the  possibility  of  using  a  cat's  eye 
configuration  for  this  mission.  The  necessity  for 
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a  substantial  increase  in  path  length  and  aperture 
requirements  were  major  factors  in  promoting  this 
Judgement.  We  therefore  embarkeu  upon  an  in-depth 
study  of  the  optical  properties  of  this  system.  The 
endeavor  resulted  in  a  FORTRAN  IV  programmed  ray  trace 
of  the  optical  configuration.  This  program  made  no 
simplifying  assumptions  and  was  accomplished  in 
double  precision.  We  initially  wrote  the  program  in 
liASIC,  but  the  results  were  unacceptable.  The  degree 
of  precision  we  could  get  produced  graphical  errors 
in  the  plotted  outputs  that  were  intolerable.  The 
FORTRAN  program  solved  this  problem. 

What  we  were  desirious  of  determining  was  what 
the  effects  of  movement  of  the  small  mirror  in  the 
system  vis-a-vis  the  large  mirror  would  have  on  the 
wave  front  distortion.  The  program  was  therefore  set 
up  in  such  a  fashion  as  to  make  it  possible  to  move 
the  small  mirror  in  respect  to  the  large  mirror  in  any 
direction  and  determine  what  the  effect  of  this  would 
be  on  the  wave  front.  In  most  cases  (all  cases  so  far 
as  know)  studies  of  this  kind  have  attacked  the 


location  of  the 


problem  of  determining  the  Loot 
small  mirror  in  respect  to  the  large  mirror  when  it 
is  assumed  to  be  precisely  on  the  optical  axis  of  the 
system.  As  it  turns  out,  the  best  place  to  place 
tnis  mirror,  as  demonstrated  by  Consienier  and  others, 
is  at  the  circle  of  least  confusion  of  the  large 
mirror.  This  is  not  altogether  surprising.  However, 
these  studies  do  not  demonstrate  what  the  effect  would 
be  on  the  system  wave  front  if  the  small  mirror  were 
to  be  moved  longitudinally  away  from  the  optical 
axis.  In  the  normal  course  of  events,  it  is  certainly 
fair  to  make  the  on-axis  assumption,  there  being  no 
reason  to  believe  that,  once  adjusted  for  the 
position,  the  adjustment  would  not  be  maintained. 

In  qur  case  such  an  assumption  would  be  inappropriate, 
since  we  are  involved  in  a  system  which  has  to  undergo 
substantial  temperature  change.  This  temperature 
change,  in  turn,  can  produce  undesirable  thermal 
distortions  with  the  possibility  of  effecting  the 
geometry  of  the  optical  components  vis-a-vis  each 
other.  Since  it  is  essentially  impossible  to  antic¬ 
ipate,  to  the  degree  necessary,  how  these  effects 
will  manifest  themselves,  It  is  only  prudent  to 


consider  all  reasonable  possibilities.  YJe  needed 
this  information  not  only  for  its  own  sake,  but  in 
order  to  make  a  valid  comparison  of  it  with  the 
conventional  Michelson  interferometer.  We  should 
note  that  the  conventional  Michelson  system  is  com¬ 
prised  of  a  beamsplitter,  a  fixed  mirror,  and  a  movable 
mirror.  It  is  very  well  known  that  a  basic  problem 
of  such  a  system  is  that  of  moving  the  movable  mirror 
in  a  very  precise  and  accurate  way,  without  tilt,  as 
we  say.  Un  the  other  hand,  the  benefit  tc  be  derived 
from  the  cat's-eye  system  is  that  somewhat  less 
precision  is  required  of  the  moving  mirror  cat's-eye 
portion,  in  order  to  be  able  to  maintain  as  high  a 
contrast  function  as  is  the  case  with  the  simple 
Michelson  moving  its  movable  mirror  with  substantially 
no  tilt.  However,  this  is  only  true  if  the  elements 
of  she  cat's-eye  configuration  are  maintained  in  a 
certain  geometry  in  respect  to  each  other.  One 
system  has  the  defect  of  being  relatively  more  complex 
lr.  terms  of  its  optics  (the  cat's-eye  system)  and  con¬ 
sequently  capable  of  coing  out  of  adjustment,  and  the 
important  and  beneficial  characteristic  cf  being 
relatively  tilt  immune.  The  other,  the  Michelson, 


has  a  very  simi . ■  r.tJ  <.*  P*  o;.,  "» .•>  :  ;>t 

it  Is  very  critical  in  ro.rard  tc  tilt,  a  minus. 

We  wished  to  determine  through  our  ray  trace 
analysis  the  sensitivity  of  alignment  of  the  cet's-eye 
optical  components.  In  addition  to  this,  v;e  also 
wished  to  determine  a  set  of  practical  parameters 
in  terms  of  the  focal  lengths  of  the  large  and  small 
mirrors  in  the  cat's-eye  system.  This  information 
was  necessary  in  order  to  Le  able  to  have  some  idea 
as  to  ho v/  large ,  or  better  still  how  small,  main—  * 
taining  a  2  inch  aperture,  we  could  afford  to  make 
the  system  and  accompllsn  a  minimum  of  distortion 
of  wave  front  as  it  passes  through  the  system. 

The  results  of  these  investigations  showed  that  we 
could  build  a  configuration  of  sufficiently  small 
dimensions  as  to  be  acceptable.  Further,  it  also 
demonstrated  that  by  choosing  the  focal  lengths  of 
the  two  optical  components  wisely,  we  appeared  to 
be  able  tc  arrive  at  a  design  which  was  not  unduly 
sensitive  to  the  exact  placement  of  each  mirx*or  in 
respect  to  the  other. 

The  analysis  of  the  cat’s-eyc  optical  system 
compares  a  set  of  twenty  or  more  equally  spaced 
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rays  on  a  diameter  cf  the  system  aperture  to  the 
optical  path  length  of  the  central  ray,  ana  deter¬ 
mines  the  optical  path  difference.  This  optical 
path  uifference  is  then  plotted  as  a  function  of 
distance  from  the  central  ray.  The  result  is  a 
plot  of  rave  front  distortion  as  a  function  of 
distance  from  the  optical  axis.  Just  how  this 
works  is  Lest  understood  hy  studying  the  enclosed 
graphs  which  shovr  on  each  individual  graph  the 
wave  front  distortion  as  a  function  of  position  of 
the  large  and  small  mirrors  when  one  graph  is  com¬ 
pared  to  the  other.  We  viere  sufficiently  impresseu 
with  the  results  of  this  study  to  feel  that  for  a 
two-inch  aperture  interferometer  having  a  total 
optical  path  difference  in  excess  of  10  cm,  we 
would  be  v/ell  advised  to  go  with  the  cat’s-eye 
system.  To  (hate,  all  of  the  data  that’s  been 
taken  and  all  of  the  observations  that  wc  have  been 
able  to  make  on  the  system  would  tend  to  confirm 
t.iC  validity  of  this  decision. 

During  this  period  of  time  we  also  considered 
the  possibility  cf  adapting  the  system  to  utilize 


field  widening  techniqt'-n.  It  :rp'.r  u  at  the  tut  sot 
to  be  a  valid  line  of  endeavor  since  the  instrument 
would  be  required  to  view  extehdeu  sources.  Wo  did 
not,  however,  get  deeply  into  this  matter,  before  it 
became  abundantly  clear  to  us  that  because  of 
material  considerations  and  the  general  state  of 
the  art,  plus  prohibitive  cost  factors,  that  v;e  would 
have  to  abandon  this  area  of  study. 
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The  base  mounting  plate  of  the  interferometer 
is  an  extremely  important  element  in  the  total 
interferometric  configuration.  It  has  to  Le  so 
designed  as  to  support  the  various  optical  and 
mechanical  elements  of  the  interferometer  in  their 
correct  position  In  respect  to  one  another  and  at 
the-  came  time  it  has  to  be  able  to  maintain  this 
geometry  through  the  required  temperature  excursion. 
In  particular,  this  base  plate  must  support  the  fixed 
cat* s-eye  mounting  configuration,  the  beamsplitter 
mounting  configuration,  the  movable  cat's-eye 
configuration  and  the  linear  motor  configuration. 

All  of  these  elements  must  be  mounted  to  the  base 
plate  and  the  method  of  mounting  must  be  such  as 
to  induce  essentially  no  stress  or  strain  into  any 
of  the  support  members.  In  order  to  accomplish 
these  requirements,  the  base  casting  was  first  of 
ail  designed  in  a  box-like  configuration  having  ribs 
placed  under  all  of  the  optical  support  members,  a 
modified  egc  crate  or  honey  comb  type  construction. 
This  construction  would,  it  was  hoped,  provide 
rigidity  in  the  mounting  plate  and  at  the  same 
time  reduce  its  weight  and  thermal  capacity  and 
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preserve  the  integrity  of  the  geometry  of  t ne  total 
Interferometric  system.  After  this  fundamental 
design  philosophy  had  been  structured,  preliminary 
mechanical  drawings  were  ’-jerked  up.  These  drawings 
v;ere  sent  to  a  number  of  different  foundries  for 
pricing  ana  comments.  Finding  someone  who  could 
cast  the  base  plate  proved  to  be  no  small  task. 
Finally,  we  were  able  to  locate  one  concern  who 
represented  that  they  could  pour  the  casting  if  we 
were  willing  to  make  certain  modifications  to  our 
design  drawing.  The  gist  of  their  requested  changes 
meant  increasing  all  dimensions  in  order  to  insure, 
after  the  required  machining,  a  sound  casting.  We 
were  very  agreeable.  The  casting  as  we  received 
it  from  the  foundry  appeared  to  be  very  sound  and 
so  machining  on  it  was  started.  The  size  of  the 
casting  as  received  was  such  as  to  require  at  least 
25/»  of  all  the  material  from  all  of  the  exposed 
surfaces  be  removed.  This  was  to  insure  that  we 
would  be  able  to  eliminate  all  casting  blow  holes, 
imperfections  that  might  be  in  the  casting.  This 
turned  out  to  be  a  long  and  tedious  process.  How¬ 
ever,  it  was  a  satisfying  one  in  that  when  the  cast- 
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ing  was  completely  rough  machineu,  we  found  it  to 
be,  in  every  respect,  sound.  We  sent  the  casting 
out  to  have  it  magna  fluxed  in  order  to  inspect 
for  any  structural  defects  and  found  that  the  casting 
was  in  excellent  condition.  After  this  inspection 
process  was  completed,  additional  machining;  was 
done  on  it  to  brine  it  to  near  print  size  and  it 
was  aeain  sent  out  to  be  reannealed  and  magna 
fiuxeu  a  second  tine,  doth  of  these  processes 
produced  successful  results.  The  final  standard 
machining  was  done  to  bring  the  piece  to  exact 
print  size.  We  then  subjected  the  casting  to  a 
liquid  nitrogen  bath.  This  is  a  rather  horrendous 
procedure.  The  thermal  shock  to  the  niece  is 
maximized  and  the  net  result  is  a  reasonable  con¬ 
fidence  that  there  will,  at  least,  be  no  catastrophic 
failure  as  a  result  of  lowering  the  temperature  to 
liquid  nitrogen  in  the  normal  way.  When  the  piece 
had  ceased  to  cause  the  liquid  nitrogen  to  boil  for 
a  half  hour  period,  it  was  brought  back  to  room 
temperature  using  infrarcu  lamps.  We  then  checked 
for  any  distortion.  This  was  done  by  placing  the 


piece  on  a  granite  slab  and  checking  for  dimensional 
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changes  and  warpage  by  comparison  to  similar  data 
taken  before  the  immersion  into  the  liquid  nitrogen 
bath,  ho  distortions  were  evidenced  by  this  procedure, 
and  we  proceeded  to  have  the  mounting  pads  for  the 
optical  components  hand  scraped  to  bring  them  to  a 
flatness  and  parallelism,  all  surfaces  to  all  other 
surfaces,  of  at  least  50  x  10“^  inches  per  6  inches. 

The  casting  was  again  subjected  to  the  liquid  nitro¬ 
gen  dip  process,  and  tested  again  for  any  distortions. 
It  passeu  this  test  and  was  then  ready  for  mounting 
of  the  optical  components. 


CA1 ' 3  EYE  TUBES 


The  design  of  the  cat's  eye  tube  configuration 
was  predicated  on  the  Information  achieved  by  the 
geometric  ray  trace  to  which  we  have  already  made 
mention.  The  study  of  the  ray  trace  determined  the 
focal  lengths  of  the  small  and  large  mirrors.  A 
suitable  mechanical  mounting  arrangement  had  to  be 
developed  in  order  to  be  able  to  place  these  two 
mirrors  on  precisely  the  same  optical  axis  and 
separate  them  by  the  required  distance.  At  the 
outset  It  was  decided  to  use  what  essentially  amounts 
to  a  telescope  type  mounting  arrangement.  The  main 

tube  required  for  this  type 
nountine  fixture,  the  tube,  requx 

Of  arrangement  had  of  necessity  to  be  made  from 
A.2  steel.  This  meant  starting  from  a  solid  piece 
Of  material  sawed  from  billet  stock  and  then  turned 
and  bored  and  reamed  to  the  exact  site  required. 
Special  support  Jigs  and  fixtures  were  needed  to 
bore  lightening  holes  In  the  moving  cat's-eye  tube, 
whUe  at  the  same  time  causing  no  deformation  to 
its  geometry.  The  reason  for  doing  this  was  to 
lower  the  weight  for  hotter  dynamic  performance. 


T  A-  i.i  «  n 


to  the  moving  tube 
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The  end  cap  was  designed  to  spring  load  the 
main  (large)  mirror  up  against  a  shoulder  accurately 
machined  to  a  given  depth  in  the  tube.  This  was 
required  in  order  to  know  precisely  where  the  front 
surface  of  the  mirror,  when  mounted,  would  be  in 
respect  to  the  back  surface  of  the  mirror  mount 
fixture. 


ELECTRICAL  FIXTURES 


The  cat's-eye  supporting  fixture,  used  in  con¬ 
junction  with  the  slide-way  carriace  system,  is 
fitted  to  support  the  movable  slugs  in  the  positional 
transducer  and  the  moving  magnet  employed  in  the 
tachometer.  A  mounting  plate  fixture  carrying  the 
Positional  transducer  and  the  tachometer  coil  is 
located  directly  below  the  slide-way  carriage  system. 
This  mounting  plate  is  arranged  so  that  it  can  be 
moved  a  small  distance  back  and  forth  in  the  direction 
of  the  slide  motion  in  order  to  be  able  to  achieve 
precise  centering  of  the  positional  transducer's 
electrical  center  with  the  mechanical  center  of  the 
movable  slide  carriage.  Provisions  have  also  teen 
made  on  this  structure  to  mount  a  subsidiary  fiducial 
determining  device  to  accomplish  the  necessary  logic 
for  coherent  addition  of  interferograms . 
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SERVO  CONTROL 


The  servo  system  used  to  control  the  slide  motion, 
is  a  modified  type  2  system,  having  positional  and 
rate  feedback.  The  operation  of  the  electronics  is 
as  follows: 

A  logic  system  develops  a  step  function  !>u(t)  upon 
command.  This  command  may  originate  from  a  computer, 
a  simple  toggle  switch  or  it  may  be-  internally  pcnr 
erated  by  a  comparitor  system  which  recognizes  the 
slide  motion  and  points  as  a  function  of  the  output 
of  the  linear  positional  transducer. 

The  step  function  E»u(t)  is  integrated  by  a 
precision  analog  integration  system.  The  output 
of  this  integrator  is  a  ramp  function,  the  rate 
of  rise  of  v:hich  is  a  function  of  the  time  constant 
of  the  integrator  and  the  value  of  11 .  "'ho  value 
of  h  3s  continuously  adjustable  by  means  jf  u  ten 
turn  pot.  This  pot  is  known  as  the  velocity  pot. 

If  further  adjustability  is  requires,  it  can  bo- 
accomplished  by  changing  the  RC  time  constant  of 
the  precision  integrator.  The  ramp  voltage,  thus 
generated,  is  the  command  signal  to  which  the  servo 


-21- 


:  - 


must  respond. 


t 


i 

! 

| 

j 

! 


At  start  up,  the  system  logic  forces  the  slide 
to  the  HOLD  position  as  determined  by  the  output 
voltage  of  the  positional  transducer  and  a  comparator 
circuit.  At  this  point  the  positional  transducer 
is  disconnected  from  the  feedback  circuit  ty  the 
action  of  sweep  status  signal  and  is  replaced  by 
what  amounts  to  an  F.M.  to  D.C.  converter  whose 
output  is  integrated.  The  input  signal  to  this 
part  of  the  system  is  the  output  from  the  laser 
monitoring  system.  The  result  is  a  ramp  output  from 
the  integrator,  which  is  an  accurate  measure  of 
the  position  of  the  moving  mirror  cat's  eye  slide 
system.  If  this  signal  does  not  match  exactly  the 
sample  command  signal  previously  described,  the 
error  signal,  which  is  the  difference  between  these 
two  signals,  forces  the  power  amplifier  either  to 
increase  or  decrease  its  output  or  change  its 
polarity  to  correct  for  the  error  condition.  The  result 
of  this  is  that  the  drive  motor  is  constantly 
adjusting  its  force  output  In  an  attempt  to  correct 
for  any  changes  in  frictional  profile  or  input  load 
functions  such  as  vibrations,  acoustical  forces,  etc. 
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This 


position  feedback  system  Just  described  works 


quite  well  for  the  low  frequency  response  of  the 
system.  However,  it  is  Inadequate  to  handle  the 
higher  frequencies  to  which  the  system  may  be  expose^ 


Consequently  we  have  added  rate  feedback  in  two  forms 
The  first  method  utilizes  a  conventional  magnetic 
rate  generator.  This  system  generates  a  voltage  in 
accordance  with  the  equation: 


r. 


r  _  K  dx 
'*  dt  ‘  k  dt 


where  Help  a  Kdx 

In  other  words,  the  tine  rate  of  change  of  the  flux 
is  equal,  to  within  a  proportionality  constant,  t , 
the  velocity  cf  the  moving  mirror  slide.  This 
system  exhibits  some  deviation  from  the  above ,  be¬ 
cause  of  flux  leakage.  This,  and  the  inherent  tine 
constant  of  the  LR  relationship  of  the  tachometer  oil 
make  it  desirable  to  introduce  another  feedback  mecha 
which  will  compensate  for  these  drawbacks . 

Huch  a  system  is  a  phase-lo^k  loop  This  system 
uses  the  output  from  the  laser  monitoring  system 
and  acts  in  the  conventional  fashion  to  stabilize 
this  frequency  by  generating  a  signal  proportional 


to 

the 

laser  frequency 

in 

tiie 

same  fashion  as 

~  h  S  *.  G  w*  i  ctC  a 

the  tachometer  signal.  One 


might  wonder  why  the  necessity  for  the  tachometer 
sicnal  using  tne  magnet  circuit?  The  principal 
reason  is  that  the  phase-lock  loop  system  is  sensi¬ 
tive  to  frequency  only,  and  not  to  direction  of 
motion,  whereas  the  tachometer  is. 
in  us : 


A;  They  complement  each  other  nicely,  and 
hj  the  dynamic  range  (capture  range;  of  the  pnase- 
iccic  loop  is  relatively  small,  whereas  the  capture 
range  of  the  magnetic  tachometer  is,  if  the  term 
is  appropriate,  essentially  infinite. 

Under  fly-tack  conditions  the  sweep  status 
signal  disconnects  the  F.M.  to  D.C.  system  and 
reconnects  the  position  transducer  system,  which 
tiien  commands  the  slide  to  move  to  the  hold  position, 
which  is  determined  by  the  setting  of  the  resolution 
pot.  The  resolution  pot  determines  at  what  point 
the  voltage  from  the  positional  transducer  will  fire 
a  comparitor  system  v/hose  output  forces  the  system 
into  the  uGLD  position  where  it  stays  awaiting 
another  CT ART  command.  This  completes  a  data 


taking  cycle.  The  unit  can  also  be  placed  in  a 
continuous  node  where  the  same  signal  from  the 
comparitors,  which  produces  a  HOLD  command,  gen¬ 
erates  a  START  command,  keeping  the  unit  in  a 
state  of  continuously  scanning.  Finally,  a  manual 
override  to  the  command  signal  generated  in  the 
form  of  a  potentiometer  adjustable  output  voltage 
can  be  used  to  manually  position  the  slide  mechanism, 
This  is  a  useful  feature  when  making  tests  for  op  Meal 
alignment  of  the  instrument. 


RAPID-STEPPIiiG  GCuiiMi:  STUDY 


Introduction 

One  of  the  advantages  that  the  technique  of  Fourier 
spectroscopy  can  realize,  is  obtained  by  multiplexing 
the  observation  of  all  spectral  elements  in  a  single  in- 
terferogram  measurement.  This  multiplex  advantage  comes 
into  a  full  effect  only  when  the  scintilxation  noise  In 
the  measurement  is  well  suppressed.  Three  schemes  are 
commonly  used  at  present  for  suppression  of  the  scintil¬ 
lation  noise.  They  are  the  scheme  of  (1)  ratio-recording 
(a)  internal  modulation,  anu  (3)  rapid  scanning.  The 
first  scheme  works  on  the  principle  of  amplitude  cancel¬ 
lation,  while  the  second  and  third  work  on  that  of  fre¬ 
quency  discrimination.  It  lias  been  proven  that  these 
three  schemes  work  reasonably  well  for  this  purpose,  ho 
conclusion  has  been  reacheu  at  present  to  answering  ‘■he 
question  of  which  of  the  frequency  discrimination  schemes 
the  Internal  modulation  or  the  rapid  scanning,  has  over¬ 
all  better  characteristics.  The  primary  concern  of  the 
present  study  docs  not  fall  into  examination  of  this 
question.  The  study  conducted  for  this  report  is  to 
examine  the  scheme  of  rapid-stepping,  by  which  either 
the  scheme  of  the  internal  modulation  or  of  the  rapid 
scanning  can  be  implemented  without  making  any  funda¬ 
mental  design  change. 


uasic  Design  Problem  of  the-  Rapid-Stepping  Scheme 

Generally  speaking,  the  servo-control  scheme 
which  accommodates  the  step-and-hold  drive  of  the  cat's 
eye  interferometer ,  can  be  divided  i$to  two  parts.  'The 
servo-cc  .trolled  notion  of  the  entire  cat’s  eye  assembly 
can  be  made  to  have  a  slow  response,  while  a  control  with 
a  fast  response  can  be  built  to  achieve  a  fine  posi¬ 
tional  adjustment  of  the  secondary  mirror  which  is  very 
small  and  light.  by  comt  Jning  these  two  motor  systems, 
the  overall  drive  can  attain  the  servo  control  charac¬ 
teristics  necessary  for  the  rapid-stepping.  The  mechani¬ 
cal  structure  of  the  cat’s  eye  interferometer  would 
exhibit  no  basic  weakness  toward  implementing  the  rapid- 
stepping  movement. 

Phase-Modulated  Signal 

The  control  system  for  the  step-and-hold  drive 
would  be  found  convenient  to  use  if  it  has  the  fcl- 
lowinc  specifications: 

(1)  The  position  accuracy  during  the  holding  period 
is  a  value  much  smaller  than  the  reference  laser  wave¬ 
length. 

(2)  The  stepping  distance  may  take  any  value,  not 
limited  to  some  exact  multiples  of  the  reference  laser 
wavelength. 

(3)  doth  the  stepping  and  lidding  period  are  con¬ 
trolled  under  the  same  servo  logic.  That  is  to 


say,  the  interferometer  appears  tn  stop  by  hold  me 
action  when  the  positioning  servo  error  Is  large , 

The  error  beconen  small,  as  the  Interferometer 
approaches  the  null  position,  ho  distinctive  dif¬ 
ference  exists  in  the  servo  action  between  the 
stepping  and  the  holding  period. 

The  present  study  is  to  search  the  lor;ic 
scheme  which  accommodates  the  servo  action  specified 
above.  Yr.e  error  signal  in  such  a  scheme  generates 
a  certain  quantity  which  varies  linearly  with  the 
error  distance  all  the  way  even  beyond  a  single  fringe 
distance  of  tne  reference  line.  The  minimum  resolution 
element  contained  in  the  error  signal  must  be  much 
finer  than  a  single  fringe  uistar.ee. 

deverii  schemes  have  beer,  built  already  for 
accomplishing  such  a  servo-controlled  action.  These 
servo  logics  are  essentially  constructed  on  the  phase 
modulate.',  sinusoidal  sicnal  with  a  certain  high 
carrier  frequency  (or  single  sideband  modulated  signal) 
This  signal  can  be  expressed  by 

s  *  A  cos  2  77(ft  -(P) 


where  f  is  the  carrier  frenuency,  and  is  the  phase. 
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varying  linearly  with  the  servo  error  (including 
the  t  sign).  Incidentally,  the  ordinary  interference 
fringe  signal  belongs  to  a  special  form  of  this  signal 
given  by 

f  =  0 


and 


<p  =  O'  x 

The  simplest  electronic  circuit  which  is  com¬ 
mercially  readily  available  for  extracting  the  phase 
information  p  from  the  phase  modulated  signal, 

A  cos  2  7T(ft-p),  is  the  up-down  counter.  Its  usage  is 
illustrated  in  Figure  1.  j 

<pdit 


A  cos  2/Tft  - - 

A  cos  27f(£t-<p) 


UP-DOWN 

COUNTER 


Reset  at  t»0 


Figure  1 


PMSS  Systems  Already  in  Use 

1.  Two-line  method. 

This  method  uses  two  laser  lines  of  slightly  dif¬ 
ferent  frequencies  which  are  excited  fret,  a  single 
plasma  tube.  Their  frequency  difference  is  fixed. 

When  a  detector  observes  these  two  lines,  it  generates 
the  difference  frequency  f  at  its  output.  The  system 
is  designee  in  such  a  way  that  two  lines  strike  different 
arms  of  the  Interferometer,  one  spectral  line  to  a  fixeu 
arm  and  another  to  a  movable  arm.  how  the  line  striking 
the  movabxe  arm  has  Its  optical  frequency  shifted  by 
v/c,  in  addition  to  the  constant  difference  f,  if  the 
optical  path  is  changed  at  a  rate  of  v.  Therefore  the 
detector  which  sees  these  two  lines  returned  from  the 
Interferometer,  registers  Instantaneously  a  new  value 
for  the  uifference  frequency  given  by  f(r  v/c).  In 
other  words,  the  PUSS  is  generated,  given  by 

s=A  cos  2/7'(ft  +  v/c) 

V/hen  the  movable  arm  Is  movinc  at  a  speed  of  K' sec.  , 

r 

bhc  frequency  shift  is  exactly  1  IIz.  Thus  the  resolution 
unit  is  IX  .  The  Up-Down  counter  shown  in  Figure  1  does 
net  register  a  change  of  1  count  at  its  output  unless 
the  movable  arm  moves  more  than  the  ...stance  of  lh> 
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The  method,  therefore,  can  detect  the  movement  not  only 
in  distance  but  also  in  direction.  For  our  application, 
it  is  important  that  both  laser  lines  are  well  stabilised. 
The  stabilization  of  the  difference  frequency  only  is  not 
sufficient.  This  system  inherently  fails  to  monitor  the 
path  difference  change  much  smaller  than  1A.  mhe  method 
is  in  principle  insensitive  to  the  intensity  fluctuation 
contained  in  these  two  laser  lines. 

2.  Polarimetric  Method 

This  method  uses  a  single  laser  line,  "’he  optical 
circuit  is  built  in  such  a  way  that  the  plane  of  polari¬ 
zation  at  the  output  of  the  interferometer  rotates 
linearly  with  the  optical  path  difference.  This  output 
which  is  linearly  polarized,  is  rotated  by  a  spinning 
halfwave  plate  (at  the  spinning  frequency  of  f)  to 
generate  the  PUSS. 

3.  Interferometer  Modulation  Method 

This  method  also  uses  a  single  laser  line.  The 
interferometer  path  difference  is  modulated  at  a  freouency 
f.  Two  signals  which  are  in  quadrature  relation  to  each 
ether,  are  generated 

s-j_  *A  cos  2  IT  ft  cos(£  , 

and 

v>2  "A  sin  2 If  ft  sinP 
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They  are  then  combined  to  Torn  the  P’*S3 . 

The  Ilethoc  Studied 

The  method  adopted  for  the  present  study  is  to  use 
the  intensity  information  obtainable  in  the  interference 
fringe  signal.  The  phase  angle  p  within  a  complete 
fringe  cycle  is  determined  from  two  sirnals  which  arc  in 
quadrature.  The  interferometer  path  difference  is  modu¬ 
lated  by  a  high  freouency.  The  intensity  fringe  signal 
is  synchronously  detected  for  generation  of  the  two 
quadrature  sirnals.  Several  circuits  for  normalizing 
their  amplitude  and  for  removal  of  their  bias  offset 
are  necessary  for  generating  the  signals  given  by 

S]_  »A  cos 


S2  “A  sin  <p  . 

Change  of  the  phase  ¥>  can  be  detected  as  shown  in 
Table  I.  Therefore  the  interferometer  drive  direction 
is  known  all  the  time. 
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After  these  two  quadrature  signals  are  -enerated, 
the  phase  angle  <•£  can  be  detected  using  voltage  de¬ 
tectors.  The  PMS3  is  generated  using  the  digital  logic. 
The  systen  is  structured  as  shown  in  the  block  diagram 
of  Figure  3* 
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GRAPH  #1 


SYSTEM  SCALE  FACTOR  =  1 

POSITION  OF  REF.  LILT.  *=  0 

RADIUS  OF  CURVATURE  OF  CONCAVE  MIRROR  =  *10 

RADIUS  OF  CURVATURE  OF  CONVEX  MIRROR  =  20.02 

X  DISPLACEMENT  OF  CONVEX  MIRROR  »  0 

Y  DISPLACEMENT  OF. CONVEX  MIRROR  *  0 

DIAMETER  OF  CONCAVE  MIRROR  *=5.00 


NUMBER  OF  POINTS  DESIRED  =  100 
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SYSTEM  SCALE  FACTOR  =  1 
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RADIUS  OF  CURVATURE  OF  CONVEX  MIRROR  =20.0 

X  DISPLACEMENT  OF  CONVEX  I'.IRROR  =  0 

Y  DISPLACEMENT  OF  CONVEX  MIRROR  =  .0002 
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GRAPH  if  5 


SYSTEM  SCALE  FACTOR  =  1 
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NUMBER  OF  POINTS  DESIRED  =  100 
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